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SYSTEM APPROACH TO ANALYSIS OF HOUSING CONSTRUCTION COSTS
by
Shlomo Peer, Dr.-lng., C.E.*
INTRODUCTION
While other industries, spurred by international competition, 
were forced to seek new methods and technologies ensuring a 
reduced cost for their products, the building industry -  with its 
captive home markets, and lacking the regulatory mechanism of 
natural selection -  has been able to adhere to its traditional methods 
for decades, passing on the price of its shortcomings to its con­
sumers, In fact, no systematic attempt was made by it to study 
its production costs until after the Second World War, when the 
widening gap between the demand for construction volume (especially 
in housing) on the one hand, and the limited available production 
capacity on the other, compelled governments in many countries to 
intervene. A steadily growing amount of research has since been 
devoted to the construction process as a whole and to the methods 
employed.
Actually, although the need to increase the industry’s capacity 
(subject to the limitations of the available labor force) is a more 
immediate factor than the desire to reduce costs, the importance 
of the economic aspect is fully recognized today: it is a vital 
question for the efficiency-conscious contractor - and even more 
so for the national economy as a whole. Consequently, cost analysis 
is gaining in scope, and with it, the importance of applying and de­
veloping appropriate study methodologies. Earlier attempts to 
compare construction costs at national and international levels (1)
(2) have indicated the fundamental difficulties inherent in it, and the 
scarcity of available cost information in most countries.
As the cost differences between construction methods are 
relatively small, the commonly used statistical analysis and unit- 
cost analysis have proved incapable of providing reliable results.
A systematic approach is, therefore, proposed in this paper.
LIMITATIONS OF STATISTICAL AND UNIT-COST ANALYSIS
Statistical analysis is usually based on price data: amounts 
paid by owners are readily identifiable and can be compiled with 
relative ease. Its main shortcoming is that its results are only 
valid for the sample in question. Moreover, building projects 
differ so widely to a large number of parameters simultaneously 
(size, topography, design, working conditions and organization, 
market prices, etc.), that even with suitable constraints on the 
choice of its composition, a homogeneous sample is virtually im­
possible. In these circumstances, results obtained by statistioal 
analysis, in investigating the economics of construction methods or 
effect of design parameters, can be very misleading. The influence 
of other random sources of variability can be more decisive than 
that of the parameter studied. It can throw some light on major 
trends over time, or on general regional differences within a 
country. Any attempt, however, to ascribe a more specific 
validity to results obtained by this analysis requires producing an 
adequate justification.
The effect of random price fluctuations is partly obviated in 
unit-cost analysis. In it, quantities for the Various building 
elements are calculated from plans and specifications, with a unit 
value (obtainable as the average of actual tender prices, or from 
a detailed calculation of the resources involved) assigned to each 
element. The total cost or price is the sum of the products of the 
quantities and their relative unit costs.
This unit-cost approach enables designing a number of plans 
where only one parameter is being changed. Such studies have 
been conducted in many countries to determine the influence of 
various design parameters on costs, so that guidance could be 
provided for decision making during design stages. The main 
parameters studied can be summarized in the following categories:
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(a) Town-planning parameters, e .g . density, layout etc.
(b) Geometric parameters, e.g. number of storeys, storey 
height, front/depth ratio, etc.
(c) Structural parameters, e.g. alternative solutions for the 
substructure and other elements.
In traditional construction, where costs are approximately 
proportional to quantities, the analysis yields reliable indications 
regarding the sought influence. The use of calculated unit costs 
has the advantage of providing a breakdown of the costs in their 
components. It is, however, necessarily based on preliminary 
assumptions, making unit-costs obtained dependent on the esti­
mator’s intuition and experience. In investigating traditional con­
struction methods, the influence of this probable error of estimate 
may be insignificant, since the relative rather than the absolute 
cost difference is of importance.
Difficulties arise, however, in trying to apply this technique 
to industrialized methods, and especially to a comparison of dif­
ferent methods. If the studied parameter is, for example, floor 
area or front/length ratio, the size/cost function for prefabricated 
panels must necessarily be determined first, and the use of a 
fixed unit-cost per sq. ft. of panel is bound to lead to erroneous 
conclusions.
SYSTEM APPROACH
In addition to the quantity-dependent items, the erection cost 
of a project includes also time-dependent ones and items that are 
fixed for the whole project or part of it. Accordingly, the unit- 
costs depend not only on market conditions, but also on the relation­
ship between these cost categories and the basis chosen for allo­
cating the indirect costs. This relationship may vary significantly 
for different construction methods and is moreover influenced by 
the size of the project, the pace of progress, the annual output of 
the prefabrication plant, etc. In these circumstances, no com­
ponent can be considered separately, but the construction process 
must be analyzed as a single entity, and a production function for­
mulated for it, before a comparison can be attempted. Definition 
of the mutual relationships between the essential cost components 
of the production process in a model enables analysis of results 
obtained to consequences of variations in some basic assumptions 
or for the effect of individual parameters. Since cost differences 
between the various methods are relatively small, a sensitivity 
analysis is an essential part of any meaningful cost comparison.
Such a model of the total erection cost for a construction 
method should comprise the following cost components:
C = CLd  + CLl + CM + Cj + Cx + Cq + Cq
where CLd = direct labor 
CLl = indirect labor 
Cjfl = materials 
Cj = investment 
Ct  = transportation 
Cq = general production 
nO = overhead
The direct-labor item represents all man-hours spent on a 
project (on site and at the plant) which are directly proportional to 
the quantities produced. Thus, man-hours expended in developing 
or modifying a construction method must not be included here, but 
form part of the initial investment.
Determination of direct labor input is the most difficult part 
of a cost comparison and requires the main effort. It can be ob­
tained from contractor’s records, by estimate or by site obser­
vations. Experience has shown that results derived from historical 
records or estimate are of very limited value. Even in projects of
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the same type realized by the same contractor, actual man-hour 
inputs vary widely—owing to dissimilarities in organization, in 
recourse to wage incentives, in the individual skill and motivation 
of the operators, etc.; where differences in design and topography 
prevail, reliance on past data is even more questionable. As for 
estimates, the probable error involved may be decisive for the 
conclusions, especially when different methods are compared. The 
only feasible way to eliminate these distorting influences is, there­
fore, to compile all data on labor demand with the aid of detailed 
work studies, all results being referred to normal time. This 
enables all methods to be brought to a common denominator. In 
the building industry, where despite industrialization labor cost 
remains a dominant factor, an error in this item influences criti­
cally the results obtained.
As methods differ considerably in relative demand for skilled 
and unskilled personnel, the two categories must be dealt with 
separately on the basis of appropriate wage averages. It should 
be considered that the plant average is usually lower than its 
building-site counterpart for the same skill.
Allowance should also be made for the lower level of pro­
ductivity in the initial and final stages of construction. This part 
of the labor costs should be regarded as fixed cost for a project, 
and may differ substantially between methods. Knowledge on this 
factor is , however, still regrettably scarce. Finally, when 
special emphasis is devoted to comparing labor demand of different 
methods, the interchangeability between labor, material and capital 
should be realized. The contractor often has a choice between 
producing and purchasing specific prefabricated elements, (such as 
stair flights) as well as an option to substitute mechanized process­
es for manual work.
The indirect-labor item comprises the wages for supervision, 
administration, inspection, operation of machines and maintenance, 
at both the building site and the plant. It is frequently overlooked 
that the manpower required for these operations varies widely 
between methods. A detailed analysis of indirect labor is , there­
fore, indispensable.
As indirect labor cost is time-dependent, and the construction 
method affects building time considerably, its determination must 
be preceded by time scheduling.
The materials item involves no special problems.
The investment item includes amortization and interest on the 
capital for setting up the plant and developing the process, and the 
costs of repair and maintenance. The main difficulty here lies in 
the uncertainty in estimating the economic life of the assets and 
their maintenance costs. For defining investment cost per unit of 
production, assumptions have also to be made on the expected annual 
output of a method. Time loss involved in change-overs from one 
project to another, as well as other external factors, seldom enable 
operation at optimal output. The sensitivity of the method to changes 
in the production rate depends on the initial investment.
As the transportation costs of prefabricated elements from 
plant to site depend both on the degree of mechanization and on 
distance, these costs should be included in the model as an inde­
pendent item.
All other costs directly assignable to a specific project 
(erection and dismantling of the site plant, temporary roads, 
power and water supply and consumption, etc.) are included in 
general production costs.
Finally, the overhead cost includes all contractor’s expenses 
incurred outside the site or plant. It is mainly affected by the 
annual output.
For long-term decisions, especially on the national level, the 
cost in use over the whole life of the building may be not less im­
portant than the initial construction cost. This would require in­
clusion in the model of an additional item for repair and mainten­
ance cost. Particular design features (such as appearance) 
which do not lend themselves to direct costing, may be included as 
well, provided that a quantitative value is assigned to it.
Cost studies are conducted to assist in decision making by 
providing reliable information on various factors affecting cost.
It is not likely to expect that any methodology can avoid some dis­
crepancy between analysis and practice, as long as some assump­
tions have to be made. A system approach, however, taking into 
account the interrelationship between various cost items, can 
reduce this error to an insignificant minimum, while the sensitivity 
analysis on the model permits examination of the effect of modified 
assumptions. It was successfully applied in comparing four lower- 
cost housing construction methods, with different degrees of 
mechanization used at present in Israel. (3)
CONCLUSION
The need for fuller and better information on the economics of 
different housing construction methods is universally recognized 
today. Consequently, cost analysis is gaining in scope, and with 
it, the importance of developing and applying appropriate study 
methodologies.
As cost differences between the methods are relatively small, 
the statistical- and unit-cost approaches fail to yield reliable 
results, and a system approach is recommended accordingly. This 
necessitates a model embodying the interrelationships of the time- 
and quantity-dependent cost components of the production process. 
The direct-labor requirement is the most problematic of the latter, 
and in view of its dominant character, work studies are called for 
in evaluating it.
The proposed model lends itself also to sensitivity analysis, 
permitting examination of the effect of modified assumptions regard­
ing the cost parameters.
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